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Bringing Internet Video to Prime Time
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e events such as Olympics, FIFA
ess, Major League Baseball, and Academy Awards
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= BitTorrent

-~ Launch of YouTube
100M streams first year

Premium Sports Webcast on Line

Live8 concert online

First popular mobile video device
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66% Internet Traffic is Video

“VolIP

& Internet Video

 Video Calling
“ Web, email, data
“ File transfer

* Online gaming

Business Internet

What Does It Mean For the Internet
If 95% Taffic is Video?
Video (100x traffic growth)

ations (10 x traffic growth)

2011 2016

ource: Akamai CONVIVA CONVIVA
M his
o Technology enablers in place o Delivering high quality video over the Internet and
o Broadband penetration Conviva’'s approach to addressing this challenge
o Standard software & hardware platforms
o Real business model emerging o Three sections ...
© Premium content (esen, Heo) HBO® ESFiT o Understanding today’s Internet video eco-system
O Advertising & subscription (mib.com, netfix Hu) [N o State of the art of Internet video quality
o Online audiences rival broadcast for major events [, % o A strategy for delivering high quality video
o Olympics, Inauguration, Michael Jackson, World Cup
o Convergence of TV, Internet, Mobile
o Internet connected Tvs (xbox, Playstation, AppleTV, Roku, Sony, Samsung) 2
o Internet connected smart mobile devices (iad, iPhone, Android)
o “TV Everywhere” over the top (180, EsP, Tumer, Comcast)
CONVIVA CONVIVA




Understanding Today’s Internet Video
Eco-system
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Key components: Video Player & CDN

Video Screen

Video Player
Encoders &
Video
Servers ISP & Home Net

CMS and

Hosting Content Delivery

Networks (CDN)
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How a CDN works ...
- ACON s a large distributed content cache acting as an overlay multicast
networ
- Data flows from the content origin through mid-tier servers to edge
servers
i - Content s cached along the way to achieve scale

b - Many CDNs use DNS to abstract away the complexity of server selection
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dge Servers ¥
\ Video
AN Player

- Major CDNs are Akamai, Limelight, and Level3
- Many ISPs are also building their own CDNs
CONVIVA

o Uses

Ns A Little Differently

Live streaming
Multi-bitrate streaming
Multi-CDN streaming

Screen

Video Player

500Kbps 1Mbps 2Mbps

800Kbps 1.5Mbps 3Mbps
CONVIVA
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ecic Ad Proxy Video
adoption, market share significant market but will pick up / /
especially Flash share quickly —
@ @ Video CDN
Ad CDN —@—)
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Akamai Verification
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Akamai
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hat is the quality of Int t t Jeo Monitoring : Player Mode
BufferingRatio(BR)
o What is high video quality? JoinTime (JT)
g quality time “m RateOfBuffering(RB)
Prevent video startup failures p|ayer
Start the video quickly States Joining Playing Buffering ying | StoPped/
Play the video smoothly and without interruptions Exit
Play the video at the highest bit rate possible Events Video
Network/ ::I"gjz Video Buffer User
What is the best way to measure Internet video quality? stream e buffer replenished action
. . . . . { fficientl
o Claim: Collecting statistics from the video player is the best way to ::?:;;‘;‘oe'; empty sutticiently
measure video quality -
Player Sidgo download tate2
Reason 1: The video player interacts with multiple services owned by multiple L Available bandwidth. vgBitrate(AB)
companies and is the only single point that has state across all interactions Monitoring Dropped frames, ’
Reason 2: With multi-bit rate and multi-CDN technologies, a single server or CDN @c. . "
does not have the complete quality information for a client RenderingQuality(RQ)
CONVIVA CONVIVA
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Data Collection

Player Application

Module

Automatic and consistent monitoring of default streaming modules
—  Flash: NetStream, VideoElement
~  silverlight:
—  i0S: MPMoviePlayerController

CONVIVA
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Monitoring : Cross-

ayer

Platform Independent Platform Specific

@ e
_ Com Silverlight
) "
—> ActionScript Comi imer . Flash
. [ <videof, <audiofs |
—> JavaScript o o o= HTMLS
Language e —
Translator r H
MPMoviePlayerController | 1 .
Objective C o 4 1i0s

* Consistency in metric computation across languages and
platforms

* Benefit from stronger type checking from C#

* Readable output: preserve comments, white space, formatting

*  Provides control for language-specific fragments

* Compiles real code and unit tests

+_Unifarm tracing and dehugging

CONVIVA

R NPT ~ NP
fideo Plaver Monit a ' Data Mod
Video Player Monitoring : Data Mode
| DEFAULT FULLSCREEN Mlcro |Screen size
% -
4] |]am PLAY PAUSE |P|ayer state
=)
=
= 700Kbps 1200Kbps Rate
@
| Akamai Limeligh Akamai |Resour:e
| CONTENT AD | CONTENT |Advertising
opo 003 Omo0  oijo, o 0 Time
Start Ad
Source: “Button” End Play
- Full[Screen ubject: Start Pause
= —I End Join i Rate Switah—] Resource Switch
Z Resource Switch | Froms 700Kbps | From: Akamai
> Start Play From: Akamai flicro A To: Limelight
= To: Limelight Screen Bytes: 13.1MB
Bytes:5.2 MB
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State of The Art of Internet Video
Quality
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We've seen
sites

patterns across many
and bilions of streams

om
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. Total Views Total Views = 66,44,79,19
31.68% of views had
Total Viewers = 3,201,204
quality issues video did not stert % Total Minutes Viewed = 290,260,395

32.2% of viewers had
recurring quality issues

Viewers with good quality
watched 1.5X more video
than viewers with poor
quality

Good video quality for all
viewers can add 10.9%
more minutes of viewed
video

Good video quality can

add $120K more revenue
per month*

* Assumes $30 CPM ad every B minutes

video had low resohmor

video had good auaity

Minutes per Viewer

100 120

= Poor Quality Viewers  Good Quality Viewers

CONVIVA

Total Views Total Views = 66,44,79,19
Total Viewers = 3,291,

@ 31.68% of views had 04
Total Minutes Viewed = 290,260,395

quality issues

08—
¢

® 32.2% of viewers had

recurring quality issues Minutes per Viewer

@ Viewers with good quality
watched 1.5X more video
than viewers with poor
quality

622

1008

© Good video quality for all
viewers can add 10.9% video s ow esloicf
more minutes of viewed |
video

0 w0 o m w0 10
= Poor Qualty Viewers = Good Quality Viewers
@  Good video quality can

add $120K more revenue
per month*

p_o /
’
video had good qualty
g
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1 8 9
Poor experience on 9 different sites
CONVIVA

* Assumes $30 CPM ad every 8 minutes

<100 100300 300500

Untapped Brand Enhancement and
Viewer Experience

Actual Bit Rate Consumed
Available Bandwidth

CONVIVA
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Live VoD
Concert TV1i.com
261% more 69% more
2 min [— 27 min
6min. H ¢ ;
mown0 3 6 o 12 15 18 21 24 27 30 agwe0 3 6 O 12 15 18 20 20 27 30
Sports TV2.com
S0t 191% more J 31% more

- - o
[ ] I ;e

11 min
mMe0 3 6 9 12 15 18 21 24 27 30 moWn0 3 6 9 12 15 18 21 24 27 30

68% monthly loss in uniques for ISP
with poor performance

1% difference in buffering
between two ISPs

Even 1% increase in buffering leads to more than 60% loss in audience

CONVIVA CONVIVA
E ne mer Buffering Ratio
60 Correlation coefficient (kendall): -0.74 Correlation coefficient (kendall): -0.96, slope: -3.25
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Join time (s)
Buffering ratio (%)
L L . 1% increase in buffering reduces engagement by 3 minutes
Join time is critical for user retention o Ny
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¢ Used one month c00% 1k i
aggregated data-set 2 1 ST n Ly
* Considered 31,744 DMA- 00% e
ASN-hours with > 100 i I i
views in each CDN oon
There is no single best CDN across geographies, networks, and time ’
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o On most sites 15-30% of viewers do not get an uninterrupted high
quality stream
o Quality has a substantial impact on viewer engagement

> Buffering ratio is most critical across genres (for live event: 1% increase in buffering
reduces 3min play time)

CDN Video Streaming Failures

> Join time impacts engagement at viewer level

o CDN performance varies minute by minute and region by region

Streaming Failures (%)

CONVIVA CONVIVA




11/16/11

/nat is high quall

Prevent startup failures

Start the video quickly

Play the video smoothly and without interruptions
Play the video at the highest bit rate possible

G G ¢ ¢

A Strategy for Delivering High Quality
Video Over the Internet

CONVIVA

ptimization

One-time D

Three Conc

® CDN

o Continuous measurement and optimization using a control
infrastructure decoupled from the delivery infrastructure

o Multi-bit rate streams delivered using multiple CDNs

o Optimization algorithms based on individual client and
aggregate statistics working at multiple time scales

Select a server
intelligently at start
time

May still incur
connection or
streaming failure or
missing asset

Business
poliies m ® Continuous M
L2 5 S gontol ¥ optimization
CDN1 - H
L] control| &
T 8 « Continuously monitor video quality from
F N gontrol g Select the best CDN to client side
—\CE‘;))—* ‘ % successfull): access) + Use global audience based diagnostics to
T ol 2 the asset without any predict quality issues
P ‘ F_ H failure « Switch bit-rates or sources
N < contol
S it T
CONVIVA CONVIVA
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Continuous real-time
measurements from every
client
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Bandwidth Fluctuation
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Views Impacted by Buffering
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Reduced views impacted by
buffering from 16.13% to 5.56%
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1500 ... increased average bit-rate from
s~ i d bit-rate fi
1700 1.7 Mbps to 2.1 Mbps...
1600

... and raised engagement "
by 36% S e v
Minutes per Uniave

o All indications show that we are in the middle of a key transition
of main-stream video to the Internet

o Video quality presents opportunity and challenge

Follow the traffic: 60% Internet traffic today, will be more than 95% in the
next 2-3 years

Premium video will be consumed by lean-back experience on big screens
-> zero tolerance for poor quality

o Video player continuous monitoring and optimization driven by
player-level and global algorithms has the best chance of
delivering high quality video
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